Background The aim of this study is to evaluate carcinogens and occupations suspected to cause lung cancer and to generate new hypotheses about occupational risks.
hygiene standards vary considerably between different industrialized countries and over time, so that the impart of more recent occupational exposures is discussed controversially. Confounding effects of established carcinogens (like asbestos for welding) further contribute to these controversies.
Given the results from a previous study 13 the present study was launched to answer the following questions:
1. Is there sufficient evidence that asbestos as an established occupational carcinogen plays a role in lung cancer incidence in West Germany?
2. What can be learned about carcinogens and occupations with limited evidence for an industrialized country?
3. Is there any indication for new risks, not yet anticipated, in occupational epidemiology which require further investigation?
To fulfil the requirements of a 'fishing expedition', using an a = 0.05 one-sided test, the sample size was calculated to be of the order of 1000 controls and 1000 cases in order to detect high risks (OR > 5) with relatively low prevalence rates of 0.5% 
Material and Methods
Some 1004 incident lung cancer cases (839 males and 165 females) and the same number of population controls, individually matched for region, sex and age (±5 years) have been included in the study. Cases were recruited from all hospitals in Bremen between 1988 and 1993 and hospitals in Frankfurt/Main (N = 86) between February 1989 and March 1990. The study region comprises Bremen, Frankfurt and surrounding areas. In Bremen most of the cases came from one hospital which is both a diagnostic and therapeutic centre: comparing official mortality statistics for the city of Bremen with incidence numbers from this hospital revealed that the latter contributes 85% of all male cases and 73% of all female cases under 75 years. For age groups under 60 years the corresponding figures are 85% and 81% respectively. Given that an additional 26 (5%) patients could be recruited from other hospitals in Bremen the study base for Bremen has to be considered to be population-based.
Cases were eligible if: the diagnosis of lung cancer was histologically or cytologically confirmed; this diagnosis occurred less than 3 months before the interview; subjects were born in 1913 or later and of German nationality; subjects were well enough to undergo an interview of 1.5 hours' duration; there was no suspicion of pulmonary metastases from a different primary tumour.
Of the 1503 cases fulfilling these criteria 1035 (69%) gave a complete interview and a written declaration of informed consent. The response rate among controls (randomly drawn from the mandatory residence registries of the matching communities) was 68.1 % giving 1137 population controls. This database resulted in 1004 matched case-control pairs, by application of the matching criteria. For 724 of the study cases the assessment of a reference pathologist was obtained showing good agreement with the hospital pathologists, ranging from Kappa = 0.54 for adenocarcinoma to 0.79 for small-cell lung cancer. Some basic characteristics of cases and controls are shown in Table 1 .
Data collection
Cases and controls were interviewed by trained interviewers who attended regular meetings with supervisors. Problems arising from the handling of the questionnaire, rigorous quality control (tape recording of the interview) and the visual editing procedure were discussed. For a subset of variables, immediate data entry was performed to monitor and reduce possible interviewer effects. A structured questionnaire was used to obtain information on job history and occupational exposure, active and passive smoking, residence, dietary habits, medical history and basic demographic characteristics. An English version of the questionnaire which is essentially an extension of that in ref.
14 may be obtained from the first author.
Smoking
For each smoker (defmed as having smoked regularly for more than 6 months) a detailed smoking history was obtained including the type of tobacco product (filter and non-fllter dgarettes, cigars, pipes), amount of tobacco smoked, brand of cigarette, butt length, intensity of inhalation, age at start of smoking, and age at any major change of smoking habits. For cigarette smokers pack-years were calculated as a cumulative dose indicator that was categorized into three groups (>0-20, >20-40, >40 packyears). Smokers of pipes or cigars formed a separate group if they did not smoke cigarettes.
Assessment of occupational exposure
The assessment of occupational exposure was derived from three different sections on the questionnaire: the detailed job history of all jobs held for at least 6 months; an exposure check-list for known and suspected carcinogens; and 33 job-specific supplementary questionnaires (SQ, see Table 2 ) addressing specific exposures in job-or branch of industry-oriented questions.
The method used for the quantification of exposure to certain agents is described elsewhere. 15 The performance of this method with respect to asbestos has been evaluated. 16 ' 17 Job titles, industries and departments were coded according to the standard classifications provided by Statistisches Bundesamt. 18 The analysis of the job history was based on these codes, which were grouped into 32 and 21 categories, respectively, as described before. 13 -19 In addition, risk occupations were considered according to a list published previously. 20 "
21

Statistical analysis
A cumulative index of lifetime hours of exposure to asbestos was calculated from the asbestos related SQ. Three exposure categories were considered: <940 hours, 940-5280 hours, >5280 hours, representing the tertiles of the distribution among exposed individuals. In order to adjust for smoking, five smoking categories were formed: never and occasional smoking (never smoked regularly for at least half a year), cigarette smoking with *20, 20-^40, >40 pack-years and smoking of pipes and cigars only. For other risk occupations or exposures, lifetime hours were categorized as follows: non-exposed, less than or equal 1000, >1OOO-=S5OOO, >5000-<10 000, >10 000 hours. Duration of exposure was assessed as >0-<3, >3-«10, >10-*s20, >20. Years since first exposure were categorized as: before 1945, 1946-1955, 1956-1965, 1966-1967, after 1976 . If the sample size was too small, categories were collapsed. Furthermore, a dichotomized exposure variable was used (ever versus never) and for every exposed subject a cutoff for 'relevant' exposure was introduced: individuals were considered exposed if they were exposed for at least 3 years at least once a week for at least 2 hours a day. Odds ratios (OR) and 95% confidence intervals (95% CI) were calculated via conditional logistic regression using the SAS 22 ' 23 procedure PHGLM. Unadjusted, smoking-adjusted, and smoking and asbestos adjusted OR are reported, the latter being understood as a means to correa for this confirmed occupational carcinogen. The reader should not interpret the reduction of risks after adjustment for asbestos as an indicator for a no-effect or reduced effect of the workplace. Since only three female cases and one control had been exposed to asbestos, no adjustment for asbestos was done for females. 
Results
Smoking
OR for cumulative exposure to tobacco smoke showed the anticipated steep gradient for both sexes (Table 3 ). Only 13 (1.6%) male cases and 42 (25.5%) female cases were never smokers, another 5 male and 11 female cases were occasional smokers. The maximum dose among occasional smokers was 0.86 pack-years among cases and 1.43 among controls.
Quitting smoking reduced the risk: smokers who stopped smoking more than 20 years before, showed an OR of 1.51 (95% CI : 0.79-2.87) for males and 0.30 (95% CI : 0.06-1.53) for females.
Asbestos
According to the SQ, 66% of the male controls and 59% of the male cases have never been exposed to asbestos during their working life (Table 4) . Statistically significant elevated OR were observed for cumulative lifetime working hours of more than 940 hours comprising 21% of the controls and 29% of the cases. After adjustment for smoking, the OR were slightly reduced. An in-depth analyses of the joint effect of smoking and asbestos was hampered by small numbers (only 4 non-smoking cases were not exposed to asbestos). However, a consistent excess risk for asbestos was observed in each smoking category ( Figure 1) . A formal statistical test for interaction beween smoking (three categories: non-smokers, below, above the median of 27.1 packyears) and asbestos exposure (above the second tertile of lifetime working hours) gave no indication for a departure from multiplicativity (P-value for interaction 0.73).
Occupational groups/industries
The average number of job periods (held for at least 6 months) was 8.0 for male cases and controls and for females 7.3 among cases and 6.9 among controls. Table 5 shows the number of male cases and controls and OR by major branch of industry. The average count of industries was between 2.7 for female controls and 3.2 for cases, male controls falling in between, indicating that there was no differential underreporting of jobs.
Significantly elevated crude OR for males were observed for metal production, construction, installation, transportation and engine/vehicle building. However, for both men and women. with the exception of installation, all OR for these branches statistical significance in males (OR = 2.25) and was slightly of industry were greater than unity. After adjustment for increased in females from 3.0 to 3.25 after adjustment, smoking and asbestos these OR remained elevated; in males; Table 6 gives the number of cases and controls by occuhowever, construction and transportation industries lost pational categories. 13 The average count of job categories varied statistical significance. Rubber and plastics industry reached from 2.4 for female controls to 3.3 for male cases. Statistically elevated OR were observed for carpenters and masons, stationary engine and heavy equipment operators, transportation and store workers in males, and for metal production and processing workers and housekeepers, cleaners, hairdressers, bartenders in both males and females. After adjustment for smoking and asbestos the OR are no longer statistically significant in male carpenters and masons, stationary engine and heavy equipment operators, housekeepers, cleaners, hairdressers and bartenders, and the same applies in females for metal production and processing workers.
Risk occupations
A list of jobs, branches of industries and industrial processes in which a carcinogenic risk for lung cancer has been demonstrated (A-list) and a list of occupations reported to present a lung cancer risk, but for which the assessment cannot be considered definitive (B-list), was matched as closely as possible to the three-digit code for job titles and the five-digit code for departments within industry. With the exception of the chemical industry, insulation against water/humidity, and road construction all OR for known risk occupations were elevated even after adjustment for cigarette smoking. Significantly elevated OR were observed in the insulating trade (heat and freezing) (OR = 6.71; 95% CI : 1.57-28.77), in shipbuilding (OR = 1.55; 95% CI : 1.03-2.34), and among metal casters (OR = 2.74; 95% CI: 1.11-6.75). A grouping of these occupations into one category yielded an exposure rate of 41% in cases and 30% in controls, OR = 1.63 (95% CI : 1.29-2.06) adjusted for smoking. In females the relevant figures were 10% in cases and 3% in controls, (OR = 2.83; 95% CI : 0.89-8.98). However, sample size within the categories was too small to allow definite conclusions for females.
For almost two-thirds of list B occupations/industries elevated OR were observed. Similar to list A the number of female cases and controls was too small for any inferences about individual occupations within this group. Among males, risk estimates were most pronounced in the rubber industry (OR = 3.84; 95% CI : 0.73-20.31) and in road transportation (OR = 1.57; 95% CI: 1.16-2.13), in particular among truck drivers (OR = 2.94; 95% CI : 1.10-7.89). In males 42% of all cases (21% of the female cases) and 32% of the controls (14% of the female controls) ever worked in suspected risk occupations yielding an OR of 1.34 (95% CI: 1.07-1.67), adjusted for smoking. In females, this OR was 1.79 (95% CI : 0.94-3.42).
Grouping together all occupations with known and suspected risk of lung cancer gave a prevalence rate of 49.1% in male controls and 15.8% in female controls respectively. The corresponding OR were 1.67 in males (95% CI : 1.34-2.09) and 2.17 in females (95% CI: 1.14-4.11) after adjustment for smoking. Table 7 shows the result of the analysis of particular jobs and industries as described by the first three to four digits of the classifications used for coding. Only industries and occupations that were associated with an excess risk and that were not yet classified as being associated with lung cancer in list A or B are displayed in the Table. We considered an occupation as conspicuous if we calculated a significantly (P < 0.05, two-sided) increased or decreased OR, after adjustment for smoking.
Occupations/industries with OR significantly different from unity
To give an impression of the number of significant findings observed in this study in comparison with the number that would be expected by chance, the following should be mentioned: out of 111 male occupations on the basis of the threedigit code for jobs (containing at least 10 cases and/or controls) 14 show statistically increased (7) or decreased (7) risks after adjustment for smoking. Since this number substantially exceeds the number expected by chance (6), there are good reasons for interpreting the observed significant results as potentially real. 24 
Specific exposures
As described in Material and Methods, we used 33 supplementary questionnaires to assess specific occupational exposures. OR1 Odds ratio, matched evaluation, not adjusted. OR2 Odds ratio, matched evaluation, adjusted for smoking (five categories). OR3 Odds ratio, matched evaluation, adjusted for smoking (five categories) and asbestos (four categories). 95% CI 95% confidence interval of OR3. * P < 0 05, two-sided.
Some of the results are shown here, others will be published elsewhere. One of the a priori hypotheses was that exposure to welding fumes and gases is associated with an increased lung cancer risk. Welding was addressed in one job-specific supplementary questionnaire that revealed a lifetime prevalence of this job task of 23% among male cases and 28% among male controls, with an OR of 1.35 (P < 5%). This risk estimate was reduced to 1.25 (95% CI : 0.94-1.65) after adjustment for smoking and asbestos exposure. The corresponding OR for relevant exposure to oxyacetylene welding was 2.77 (95% CI : 1.2-6.38). After long-lasting cumulative exposure of > 10 000 hours to oxyacetylene welding an increased lung cancer risk adjusted for smoking was found (OR = 3.28; P < 0.05). The same is true for gas-shielded welding of >5000 hours (OR = 4.79; P < 0.05), spot welding (electricaJ resistance welding) (OR = 3.40 [not significant]) and flame cutting (OR = 1.26; n.s.), but not for manual metal arc welding (MMA) (OR = 0.98 after 10 000 hours exposure). Welding of low alloy stainless steel for >5000 hours was associated with an OR of 3.57 (n.s.). Further details will be presented in a forthcoming paper. After additional adjustment for asbestos exposure, for instance use of heat protective clothing made of asbestos, all reported associations lost statistical significance except 'relevant' exposure to oxyacetylene welding. Another hypothesis to be considered was the lung cancer risk in the metal-cutting industry. 25 Table 8 is showing the lung cancer risk in metal-cutting occupations. There was a tendency for an increased lung cancer risk in ever-exposed workers in metal-cutting occupations and some increase with duration of exposure, but significant results disappeared after adjustment for smoking. This also applied to grinders for whom the OR of 1.84 (P < 0.05) is reduced to 1.81 (95% CI: 0.96-3.42), after adjustment for both confounders. After cumulative exposure to water miscible cutting liquids (CL) of >10 000 hours the OR rose to 1.52 (n.s.). Exposure to CL not miscible with water of >10 000 hours lead to an OR of 2.30 (n.s.) (data not shown).
Occupations entailing exposure to diesel fumes such as filling station attendants, truck drivers, train drivers, and heavy equipment operators were associated with an excess risks of about 1.5 ( Table 9 ). The subgroup of truck drivers was large enough to allow further subgrouping: Here the OR for exposure of <10 000 hours lifelong was 1.31 (n.s.) as compared to 1.88 (95% CI : 1.27-2.80) for >10 000 hours. Of course, this occupational group showed confounding by smoking. However, the overall risk of 1.68 remained significant after adjustment for smoking and asbestos. Considering the answers to the exposure check-list, 73 of all male controls and 111 of all male cases have been exposed to diesel fumes for at least 10 000 hours, yielding an OR of 1.54 (95% CI : 1.13-2.10) which is only slightly reduced to 1.51 and still significant after adjustment for smoking and asbestos.
Discussion
Asbestos
Our study confirmed the well-known association between occupational exposure to asbestos and lung cancer. The analysis does not allow a distinction between amphibole and chrysotile asbestos. However, lifetime exposure prevalence seems to be considerably higher than in other studies: 26 33.6% for any exposure, 20.5% for exposure of >940 lifetime working hours among controls, the latter group showing an overall risk of 1.62 (95% CI : 1.28-2.05) which is reduced to 1.45 after adjustment for smoking (P < 5%). This is one of the highest risks in population-based case-control studies described in the literature, translating into a population attributable risk 27 of 8%. This observation and the prevalence of asbestos associated occupations demonstrate that asbestos has to be regarded as one of the major occupational causes of lung cancer in the study region. Nevertheless, there is also a strong indication that other occupational carcinogens play a central role.
Risk occupations
The analyses by occupational groups as well as by risk occupations show elevated risks that cannot be attributed to asbestos and/or smoking alone. Concerning occupations/industries that were grouped in list A (known association with lung cancer), previous studies, for example ref.
are confirmed by our data, since 19 of 22 specific subgroups showed elevated risk estimates even after adjustment for smoking and asbestos. Some risk estimates among these occupations with elevated OR may be almost completely attributed to occupational exposure to asbestos, e.g. in manufacture of asbestos products, heat insulation, and shipbuilding. In other subgroups, however, like iron ore mining and particularly in uranium mining, radon and its decay products probably play the most important role, while in the metal industry the elevated OR among metal platers or metal casters may be related to other known carcinogens of the lung such as polycyclic aromatic hydrocarbons, chromates, or arsenic compounds. 20 -21 Also for occupations/industries that were grouped in list B (probable association with lung cancer), some of the evidence provided by previous studies is supported by this study. Here, 15 of 24 specific subgroups that were present in our study sample showed elevated OR after adjustment for smoking and asbestos. Among them, the excess risk was most pronounced in the rubber industry and in road transportation. 
Occupational groups/industries (defined a priori)
Risk estimates are significantly reduced in occupations/industries that can be categorized as 'white collar work' and therefore probably not associated with substantial exposure to air pollutants at the workplace, for example education (teachers), administration (office workers), or the health care system (nurses, physicians). The reduced OR cannot be explained by a lower prevalence of smokers in these occupations, since adjustment has only a minor impact on these risk estimates.
Elevated OR are observed in some occupational groups and industries that entail specific subgroups from list A or list B, e.g. the rubber and plastics industry, metal production, construction, installation (including insulators), and transportation. Furthermore, significantly elevated OR were observed in engine and vehicle building after adjustment for asbestos exposure and among plumbers and mechanics after adjustment for smoking.
Occupations/industries with OR significantly different from unity
This 'fishing expedition' gives further insight into the results of the analysis by broad occupational groups and industries. The findings related to the reduced risk estimates among white collar occupations mentioned before are confirmed. With regard to the elevated OR among rubber and plastics workers, the finding of an excess risk not only among rubber workers but also in plastic product manufacturing deserves further attention.
Another finding of interest is the excess risk in some groups within the food proccessing industry, particularly butchers-a finding that is corroborated by previous studies. 28 " 30 ' 45 The elevated OR among welders is also supported by previous results. 19 ' 31 " 3445 The excess risk of sheet and structural metal workers 45 and among pipe fitters and plumbers may also be associated with welding 19 but, in addition, other factors may also play a role. 35 
Road transportation
Exposure to diesel fumes has to be regarded as highly prevalent among workers in filling stations, truck drivers, heavy equipment operators in the construction industry and train drivers. All these occupations show risk estimates above 1.5. This confirms results from several cohort and case-control studies. 36 Further evidence is provided from answers to the exposure check-list. Again, the risk of developing lung cancer among subjects reporting long-term exposure to exhaust fumes was elevated by 50%. Obviously, these two different sources of information both suggest that diesel fumes are potentially carcinogenic.
Metal processing
With regard to welding the results are compatible with a large body of evidence showing an increased lung cancer risk among welders. 25 ' 45 As m other studies, welding of mild steel is also a risk factor. 26 The decrease in welding associated risk after adjustment for asbestos shows that asbestos heat protection plays an important role in welding associated lung cancer risk.
Our results also suggest a moderately increased lung cancer risk in metal-cutting occupations which is supported by certain studies. 13 ' 37 " 39 However, other studies failed to replicate these results.
40 " 43 
